This paper describes a new module of the expert system SISTEMAT used for the prediction of the skeletons of neolignans by 13 C NMR, 1 H NMR and botanical data obtained from the literature. SISTEMAT is composed of MACRONO, SISCONST, C13MACH, H1MACH and SISOCBOT programs, each analyzing data of the neolignan in question to predict the carbon skeleton of the compound. From these results, the global probability is computed and the most probable skeleton predicted. SISTEMAT predicted the skeletons of 75% of the 20 neolignans tested, in a rapid and simple procedure demonstrating its advantage for the structural elucidation of new compounds.
program is the first to be applied during the structural determination of the natural products, since it eliminates all the 13 C NMR signals related to the substituent groups, thus facilitating the analysis of the others programs of SISTEMAT, used in sequence, which predict the carbon skeleton of the compound from 13 C NMR data. The database especially elaborated for this program contains 161 substituent groups most frequently encountered in natural products.
The SISCONST program [18] analyzes 13 C NMR chemical shifts and multiplicities of a compound, to predict its probable skeleton and substructures with their attributed signals. The program only selects substructures that have a minimum number of carbon atoms as requested by the user and containing at least half of the total carbon number of the chemical class in question. Hence, the minimum number for neolignans is nine carbon atoms.
The SISCONST program matches the signals of the experimental spectrum with those of spectra in the database. If a signal and its multiplicity are present they are matched with the experimental data. This process is repeated to obtain the largest substructures. All selected substructures will show the minimum number of carbon atoms (vide supra) as well as the chemical shifts compatible with the experimental 13 C NMR data. The skeleton probability of the substance is computed from the compounds that have a substructure containing at least half of the total carbon as previously described [18] .
The C13MACH and H1MACH programs [7, 10] analyze the 13 C NMR and 1 H NMR data, respectively. From the experimental data, chemical shifts and multiplicities from 13 C NMR spectra and chemical shifts from 1 H NMR, the programs select from 1 to 50 compounds from the database that display a high similarity index (SI) to the compound in question, according to Bremser's system [19] thereby computing the skeleton probability. With this methodology, the chemical shifts do not need to be interlinked as in the SISCONST program.
The SISCONST, C13MACH and H1MACH programs have the ability to differentiate among various stereoisomers thus furnishing correctly the relative configuration for many compounds. However, since the programs do not contain 1 H NMR coupling constants, the proposed structures and substructures should be checked by analysis of the respective coupling constants.
The SISOCBOT program [20] uses source data based on the systematic botanical classification to predict the skeleton probability. From the family and genus names of the plants, marine organisms, fungus, etc. this program searches the database for the number of occurrences of a specific skeleton in the family and genus of the species in question, thus predicting the probability of finding a specific carbon skeleton in the selected taxon.
To illustrate the use of SISTEMAT program, a dihydrobenzofuranic neolignan ( Figure 1 ) isolated from Stauntonia chinensis (Lardizabalaceae) was chosen [21] . The 13 Subsequently, free of the signals of the glucose and methoxy groups, the program SISCONST analyzed the 13 C NMR data with the remaining chemical shifts and multiplicities of the neolignan's spectrum. ? ? The SISCONST program predicted the probable skeletons for the compound (Table 1 ) in addition to the neolignan substructure ( Figure 2 ). 13 C NMR data analysis by the C13MACH program furnished the compound (Figure 3 ) with the highest similarity index to the neolignan tested. The skeleton probabilities provided by C13MACH are shown in Table 1 and the H1MACH program predicted the neolignan structures according to the best similarity index. Figure 4 shows the structure predicted by the H1MACH program and Table 1 gives the skeleton probabilities also provided by H1MACH.
Since the family Lardizabalaceae is not included in the database, the SISOCBOT program was not able to predict the dihydrobenzofuranic neolignan skeleton probability. The sum of the results from these programs generates the global probability which is computed by SISTEMAT from the weighted mean of the results of each program cited above. For the neolignan displayed in Figure 1 , the global probability is shown in Table 1 .
The following weights 0.9, 0.7 and 0.9 were attributed, respectively, for the SISCONST, C13MACH and H1MACH programs. These weights vary from 0 to 1 and were obtained through tests with a sampling of 30 neolignoids that assessed the percent hits of each program [7] O 
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To evaluate the efficiency of SISTEMAT for structural determination and identification of neolignan skeletons, the data of 20 new neolignans ( Figure 5 ) were collected randomly from the literature [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . It is noteworthy that none of these neolignans were stored in the database. The 13 C and 1 H NMR data, the botanical source and the top three neolignan skeletons ( Figure 6 ) suggested jointly by the programs are shown in Table 2 with the global skeleton probability and references.
The SISTEMAT programs proposed the appropriate skeleton for the neolignans in 75.0% of the cases (NT1-3, NT5-11, NT14-15, NT17-18, NT20) according to the global results showed in Table 2 . The MACRONO program, applied to every neolignan, predicted correctly all substituent groups present in these compounds. Even in the neolignans missing substituents, the use of the MACRONO program was helpful, once it detected the lack of such groups. The SISCONST program proposed the correct skeleton of the neolignans in 85.0% of the compounds tested (NT1-3, NT5-11, NT14-20), while the erroneous skeletons were predicted only in three cases (NT4, NT12-13). Except for NT12, the correct skeletons of the neolignans appeared among the top three skeletons predicted by SISCONST, although this result is not computed as an acceptable prediction. For the test of N12, the skeleton of the neolignan has only 4 compounds stored in the database. Consequently, SISCONST was unable to predict the correct skeleton, but was able to provide accurate substructures for compounds tested in NT4 and NT13.
C13MACH was able to present the correct skeleton of the neolignans in 80.0% of the cases (NT1-8, NT10-11, NT14-18, NT20). The result obtained from the C13MACH program was expected because it generally is not as accurate as SISCONST [18] which predicts the skeletons by selecting only neolignans that contain the minimum number of carbon atoms. According to the results (Table 2) for the tests of NT1 and NT14, the skeletons predicted by C13MACH had 100% probability. For the 20.0% of cases in which the C13MACH program predicted inappropriately, (neolignans NT9, NT13 and NT19) the correct skeleton was proposed in the top three skeletons predicted by the program.
The H1MACH program showed the correct skeletons of neolignans only in half of the cases (NT1-3, NT6-7, NT13-15, NT17, NT20) and showed wrong skeletons for NT4-5, NT8-12, NT16, NT18-19. Among the latter, the H1MACH program predicted the correct skeleton in the top three skeletons, except for NT11, NT12, NT16 and NT19 as seen in Table 2 .
The database contains 810 lignans with 490 13 C NMR and 760 1 H NMR spectra, with 40 different skeletons collected from the literature. The results obtained for the Global Results, SISCONST, C13MACH and H1MACH programs comprise, respectively, the correct skeleton of the lignans in 80.0%, 66.7%, 63.3% and 73.3% of the cases [16] . The database of neolignans contains 650 compounds, distributed in 29 skeletons, with 350 13 C NMR and 630 1 H NMR data. Comparing both the lignan [15, 16] and neolignan databases, the analysis by H1MACH was the most accurate for the skeleton predictions of lignans. This result is possibly attributed to the greater number of 1 H NMR data in the database compared to 13 C NMR data. This difference may be explained by the greater facility in elucidating 1 H NMR spectra of aromatic compounds and also by the small quantity of sample and time required to obtain 1 H NMR spectra in comparison to 13 C NMR spectra. The neolignan database also contains more 1 H NMR data, but the analysis executed by the program H1MACH (50.0%) was less accurate than SISCONST (85.0%) and C13MACH (80.0%), which are programs related to 13 C NMR analyses.
As neolignans present greater structural diversity than lignans, the number of neolignans representing each type of skeletons is small. For example, Ske01 and Ske16 contain, respectively, 92 and 122 compounds in the database, and all neolignans tested pertaining to these skeletons were correctly analyzed by the H1MACH program. On the other hand, for Ske26 and Ske30 with 7 and 4 compounds, respectively, in the database, the H1MACH program showed incorrect skeleton predictions. Thus, a better performance is obtained with a higher number and diversity of compounds of those skeleton types. Despite these results for neolignans with the H1MACH program, they did not have a negative influence on the global probability results.
Except for H1MACH, the analyses for the identification and skeleton prediction of neolignans performed in this paper by the programs comprising the SISTEMAT system shows a hit probability greater than 75%. The low results reported by the H1MACH program are mainly related to the reduced number of neolignans in the literature with varied carbon skeleton types, thus compromising the efficiency of the program in the skeleton prediction of this natural product class. However, the programs that analyze 13 C NMR data were able to show good results during the skeleton identification process, as well as, in the elucidation of substituent groups and molecular substructures of a compound.
From the data such as substituent groups, skeleton type and substructures obtained through the SISTEMAT programs, the structural elucidation carried out by the structure generator should be processed more efficiently and quickly, once those data can be used as a restriction module for the structure generator. This procedure was applied with success in the LSD generator [37, 38] and avoid the combinatorial explosion problem.
